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(54) FERRULE FOR OPTICAL FIBER CONNECTORS 

(57) In order to provide a ferrule for an optical-f ber 
connector used tor good organization of an optical com- 
munication network, the ferrule for an optical-fiber con- 
nector is made of a crystallized glass having a 
composition which consists essentially of, by weight 
percent, 60-70 % of Si0 2 , 16-25 % of Al 2 0 3 , 1.5-3 % of 
Li 2 0, 0.5-2.5 % of MgO. 1.3-4.5 % of Ti0 2 , 0.5-3 % of 
Zr0 2 , 2-6.5 % of Ti0 2 +Zr0 2 , 1-5.5 % of K 2 0, 0-7 % of 
ZnO, and 0-3 % of BaO. The crystallized glass includes 
30-70 volume % precipitation of p-spodumene solid 
solution or 0-quartz solid solution having an average 
grain size not greater than 2^m. In addition, the crystal- 
lized glass has a bend strength of 200 MPa or more and 
a thermal expansion coefficient of -10-50x1 0" 7 /°C at a 
temperature between -50 and 150°C. 
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Description 

Technical Field 

5 [0001 ] This invention relates to an optical-fiber connector ferrule for use in an optical-fiber connector for connecting 
an optical fiber. 

Background Art 

w [0002] A ferrule used in optical communication is an important component of an optical-fiber connector. The ferrule 
is a cylindrical component having a through hole for insertion of an optical fiber made of silica glass. Connection of opti- 
cal fibers is carried out by inserting and fixing optical fibers in the through holes of ferrules, respectively, polishing their 
ends, and thereafter, inserting the ferrules in an outer tube called a sleeve to face-to-face contact with each other. 
Therefore, the ferrule must have an excellent dimensional accuracy and is further required to have various material 

is properties such as high mechanical strength, high abrasion resistance against friction upon insertion and removal into 
and out of the sleeve, polishability which is close to that of silica glass so that a polished amount of the ferrule does not 
greatly differ from that of the optical fiber during polishing the end, and a thermal expansion coefficient close to that of 
silica glass. In order to organize an optical communication network well, it is an urgent demand to provide a ferrule 
which satisfies the above-mentioned material properties and which can be manufactured at a low cost. 

20 [0003] At present, there have been used ferrules made of ceramics such as zirconia and alumina and of amorphous 
glass. Among them, the ferrule made of ceramics is excellent in mechanical strength and abrasion resistance but has 
the following disadvantages. Specifically, it is considerably low in a rate to be polished as compared with the fiber of sil- 
ica, so that it is necessary to use a special polishing method. It is so high in thermal expansion coefficient as compared 
with the optical fiber that an initial connection loss is readily deteriorated by the changes in dimension of both of them 

25 following a temperature variation. Furthermore, it is so low in formability and machinability to degrade the production 
efficiency, resulting in a high cost. 

[0004] On the other hand, the ferrule made of amorphous glass is advantageous in that the polished rate is very close 
to that of the silica fiber to require no special polishing method, resulting in a reduced polishing cost, and that the form- 
ability and the machinability are excellent to enable the production at a low cost However, it is disadvantageous in that 

30 the mechanical strength and the abrasion resistance are insufficient 

[0005] In addition, a proposal is made of a ferrule of crystallized glass. For example, JP-B S63-500684 discloses an 
art in which the crystallized glass of I^OA^CVSiC^ is used as a ferrule material. In the art, it is possible to obtain the 
ferrule which has the thermal expansion coefficient close to that of the silica fiber, but there is neither consideration 
about the abrasion resistance, the polishability, and the machinability, nor knowledge is given about those properties. 

35 Furthermore, JP-A H1 -288803 discloses a connection component made of the crystallized glass of P 2 0 5 -CaO. In the 
ait, it is possible to obtain the ferrule which is excellent in machinability, but there is no consideration about the abrasion 
resistance and the mechanical strength. In addition, it has cost-rising factors such as the use of a laser to form the 
through hole, and others. 

[0006] As described above, there is no such ferrule in the present status that satisfies all of the retirements for use in 

40 the optical-fiber connector. 

[0007] In the meanwhile, the crystallized glass is generally higher in strength than the amorphous glass because of 
an energy absorption effect given by bending and branching of cracks at the interface between precipitated crystals and 
a glass matrix. Further, crystallization makes it possible to obtain a material improved in abrasion resistance and low in 
thermal expansion coefficient In addition, the crystallized glass advantageously has a formability suitable for mass pro- 

45 duction, like the amorphous glass. 

[0008] Accordingly, the use of the crystallized glass has a possibility of providing a ferrule at a low manufacturing cost 
but with excellent characteristics unexpected in conventional ferrule materials. 

[0009] However, the above-mentioned excellent features of the crystallized glass widely vary depending upon the 
kind, the size, and the mount of the precipitated crystals. In an unsuitably crystallized state, the characteristics neces- 
50 sary to the ferrule can not be realized. 

[001 0] In view of the above, it is an object of this invention to provide a ferrule for an optical-fiber connector, which is 
excellent in mechanical strength and abrasion resistance. 

[0011] It is another object of this invention to provide a ferrule for an optical-fiber connector, which has a thermal 
expansion coefficient and a polishability close to those of an optical f ber. 
55 [001 2] It is still another object of this invention to provide a ferrule for an optical-fiber connector, which has a dimen- 
sional accuracy equivalent to that of a zirconia ferrule used for connecting a single mode optical fiber. 
[001 3] It is a further object of this invention to provide a ferrule for an optical-fiber connector, which can be manufac- 
tured at a low cost as compared with a zirconia ferrule. 
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Disclosure of the Invention 

[0014] As a result of a various kinds of studies, the present inventors found out that the use of crystallized glass having 
a specific composition and a specific feature enables to provide a ferrule which satisfies all of required material proper- 

5 ties and which can be manufactured at a low cost. 

[0015] Specifically, a ferrule for an optical-fiber connector ol this invention is characterized by comprising crystallized 
glass having a composition which consists essentially of, by weight percent, 60-70 % of Si0 2 , 16-25 % of A! 2 0 3 , 1.5-3 
% of U 2 0, 0.5-2.5 % of MgO, 1 .3-4.5 % of Ti0 2 , 0.5-3 % of Zr0 2 , 2-6.5 % of Ti0 2 +ZiO 2 , 1 -5.5 % of K 2 0, 0-7 % of ZnO, 
and 0-3 % of BaO, precipitating 30-70 volume % of p-spodumene solid solution or p-quartz solid solution having an 

10 average grain size not greater than 2\itr), and having a bend strength of 200 MPa or more and a thermal expansion coef- 
ficient of -1 0-50X1 0" 7 /°C at a temperature between -50 and 150°C. 

Prief Pescription of the Prawjnq 

15 [0016] 

Fig. 1 is a sectional view showing a ferrule according to an embodiment of this invention. 

Fig. 2 is a graph showing a distribution of an eccentricity of an optical fiber core with respect to an outer diameter 

of the ferrule of Fig. 1. 

20 Fig. 3 is a graph showing a distribution of a connection loss when the ferrule of Fig. 1 is used. 
Pest Mode of Embodying the Invention 

[001 7] Before describing an embodiment of this invention, description will be made about a reason why a ferrule mate- 

25 rial of this invention is restricted as described above. 

[0018] In the ferrule of this invention, the amount of precipitated crystals of the crystallized glass used is between 30 
and 70 volume %, preferably between 35 and 60 volume %. The mount of the precipitated crystals affects a thermal 
expansion coefficient and mechanical strength and. in particular, remarkably affects abrasion resistance, polishability, 
and formabiiity of the glass Specifically, if the amount of precipitated crystals is less than 30 volume %, the abrasion 

30 resistance becomes insufficient The ferrule may be damaged in repetition of insertion and removal into and out of a 
zirconia sleeve and, thereby can not maintain its initial connection characteristic. On the other hand, if the amount of 
precipitated crystals is 30 volume % or more, the abrasion resistance is remarkably improved so that no damage occurs 
even after the insertion and removal are repeated several hundreds times. However, if an excessively large amount of 
the crystals are precipitated, the polishability and the formabiiity are impaired. Specifically, if the crystals more than 70 

35 volume % are precipitated, a polished rate is low as compared with silica glass. In this event, a special polishing method 
is required to reduce the difference in polished rate between them. This results in a high cost. Furthermore, the glass 
having such a strong crystallinity is liable to cause devitrification during formation. Thus, high-efficiency production can 
not be achieved. 

[0019] An optical fiber made of silica glass has a thermal expansion coefficient of 5.5X1 0" 7 /°C (in a range between - 
40 50 and 150 °C), which is remarkably small as compared with ceramics or amorphous glass generally used. If it is used 
together with the conventional ferrule, the both are changed in dimensions following the temperature variation so that 
the initial connection characteristic is readily deteriorated. On the other hand, p-spodumene solid solution or p-quartz 
solid solution has an extremely low thermal expansion coefficient. 

[0020] Consequently, the ferrule of this invention made of the crystallized glass containing the above-mentioned crys- 
45 tals as main crystals has a low thermal expansion coefficient so as to overcome or alleviate the above-mentioned prob- 
lems. 

[0021] The thermal expansion coefficient changes depending upon the amount of the precipitated crystals and falls 
within the range of -10~50X10" 7 /°C (in a range between -50 and 150 °C) for the crystal amount between 30 and 70 vol- 
ume %. The above-mentioned range is a usable one for the ferrule, but it is preferable to adjust the thermal expansion 

so coefficient into a specific range of -5-35X 1 0* 7 /°C. 

[0022] In this invention, the precipitated crystals of the crystallized glass have an average grain size not greater than 
2 pm, preferably not greater than 1 pm. If the average grain size is not greater than 2jim, the crystallized glass has a 
bend strength of 200 MPa or more and a sufficient abrasion resistance required as the ferrule. 
[0023] As regards the mechanical strength of the ferrule, it is calculated that the ferrule must have a bend strength 

55 not smaller than 200MPa. preferably not smaller than 250 MPa, in order to assure the transverse rupture strength of 5 
Kg which is the standard value of the tensile strength of a coaxial connector as prescribed by JIS C5415. If the average 
grain size of the crystals is not greater than 2 nm, sufficiently high mechanical strength can be obtained to satisfy the 
above-mentioned requirement. However, if the average grain size is excessively large, a thermal stress is increased at 
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the interface between the crystals and a glass matrix due to the difference in thermal expansion coefficient. As a result, 
microcracks are caused to occur so that the mechanical strength is reduced. In addition, if the average grain size is 
excessively large, the abrasion resistance is deteriorated. 

[0024] Next, description will be made about the reason why the composition of the crystallized glass used in the fer- 
5 rule of this invention is restricted as mentioned above. 

[0025] Si0 2 is a main component of the glass and also a crystal component The content thereof is between 60 and 
70 %, preferably between 62.3 and 67.5 %. If Si0 2 is less than 60 %, the crystals become coarse. If it is more than 70 
%, the viscosity of a melt in a glass melting process becomes high, so that the glass produced becomes unhomogene- 
ous. 

10 [0026] Al 2 0 3 is also a component which forms the crystals. The content thereof is between 16 and 25 %, preferably 
between 17 and 22 %. If Al 2 0 3 is beyond the above-mentioned range, the precipitated crystals become coarse. In addi- 
tion, H it is more than 25 %, the devitrification is readily caused to occur in the glass melting step. 
[0027] IJ2O is also a crystal-forming component. The content thereof is between 1 .5 and 3 %, preferably between 2 
and 2.8 %. If the content of Li 2 0 is less than 1 .5 %, precipitation of the desired crystals is difficult so that the abrasion 

15 resistance is remarkably reduced and the mechanical strength and the thermal expansion characteristic are deterio- 
rated. If it is more than 3 %, the amount of the precipitated crystals exceeds 70 volume %. As a consequence, the pol- 
ishability is deteriorated and the crystals become coarse. 

[0028] MgO is a component which promotes melting of the glass and which forms the crystals. The content thereof 
is between 0.5 and 2.5 %, preferably between 0.5 and 2 %. If the content of MgO is less than 0.5 %, heterogeneous 
20 crystals are precipitated so that the amount of the main crystals tends to be reduced. If it is more than 2.5 %, the 
amount of the precipitated crystals is excessive and the crystals become coarse. 

[0029] Ti0 2 is an essential component which acts as a nucleating agent when the glass is crystallized. The content 
thereof is between 1 .3 and 4.5 %, preferably between 1 .5 and 3.8 %. If the content of Ti0 2 is less than 1 .3 %, the crys- 
tallized glass having a uniform structure can not be obtained. If it is more than 4.5 %, the devitrification is caused to 

25 occur in the glass melting step. 

[0030] Zr0 2 is also a component which acts as a nucleating agent like Ti0 2 . The content thereof is between 0.5 and 
3 %, preferably between 0.5 and 2.5 %. If the content of Zr0 2 is loss than 0.5 %, it is difficult to obtain the crystals having 
a desired size If it exceeds 3 %. the glass melt is readily devitrif ied and the precipitated crystals become coarse. 
[0031] Furthermore, the total amount of T10 2 and Zr0 2 must fall within a range between 2 and 6.5 %, preferably 

30 between 2.5 and 6 %. If the total amount of those components is less than 2 %, nucleation is insufficient so that the 
heterogeneous crystals are readily precipitated and the crystals become coarse. If it is more than 6.5 %, the glass melt 
is remarkably readily devitrif ied. 

[0032] K 2 0 is used in order to suppress the precipitation of the heterogeneous crystals and to control the amount of 
the main crystals. The content thereof is between 1 and 5.5%, preferably between 1 .5 and 4.8 %. If the content of K 2 0 
35 is less than 1 %, the heterogeneous crystals are precipitated so that the desired characteristic is not obtained. Further, 
the crystal amount is increased so that the polishability is deteriorated. On the other hand, if it is more than 5.5 %, the 
crystal amount is reduced so that the abrasion resistance is remarkably degraded. 

[0033] ZnO is a component which promotes melting of the glass and which improves the uniformity. The content 
thereof is between 0 and 7 %, preferably between 1 and 5 %. If the content of ZnO is more than 7 %, the heterogeneous 
40 crystals are precipitated so that the thermal expansion coefficient is excessively large. 

[0034] BaO is also a component which promotes melting of glass and which improves the uniformity, like ZnO. The 
content thereof is between 0 and 3 %, preferably between 0.5 and 2.5 %. If the content of BaO is more than 3 %, the 
heterogeneous crystals are readily precipitated. 

[0035] Besides the above-mentioned components, a component or components selected from SrO, CaO, Na 2 0, 
45 Bi 2 0 3 , B 2 0 3 , and PbO may be added up to 1 0 % in total for the purpose of facilitating melting of the glass and adjusting 
the thermal expansion coefficient of the resultant crystallized glass, and P 2 0 5 may be added up to 5 % in order to adjust 
the crystal amount and the crystal grain size. In addition, it is possible to add As 2 0 3 , Sb 2 0 3 , and Sn0 2 up to 2.5 %, 
preferably up to 1 .5 %, respectively, as a refining agent upon melting the glass. 

[0036] In this invention, it is possible to greatly improve the bend strength by forming a compressive stress layer on 
50 the surface of the ferrule. 

[0037] For example, the compressive stress layer can be formed in the following manner. 

(1) Li ions in a surface layer is substituted by ions having a greater ionic radius (ion exchange). 

(2) Rapid cooling is carried out from a temperature not lower than the strain point of the crystallized glass to another 
55 temperature not higher than the strain point. 

(3) After adjusting the kind and the amount of the precipitated crystals so as to lower the thermal expansion coef- 
ficient of the ferrule at the surface than that in the interior, cooling is carried out 
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[0038] Now, description will be made about specific examples of this invention. 

[0039] Table 1 to Table 3 show the examples of this invention (Samples Nos. 1-8) and comparative examples (Sam- 
pies Nos. 9-13). 

[0040] Each of Samples Nos. 1 -1 1 was prepared in the following manner. First, glass materials appropriately selected 
s so as to obtain the composition shown in the table were mixed, and then melted at 1650 °C for 24 hours. The resultant 
molten glass was then poured into a carbon mold having a diameter of 60 mm and a depth of 1 m. Thereafter, slow cool- 
ing was carried out. After the resultant glass was crystallized at a temperature up to 1 1 00 °C as a highest temperature, 
a crystallized glass preform having a through hole was prepared. Then, after grinding the surface of the crystallized 
glass preform thus obtained to adjust a circularity, hot drawing was carried out to thereby obtain a ferrule 1 for an opti- 
10 cal-fiber connector having a through hole 10 and having a diameter of 2.5 mm and a length of 10.5 mm was obtained 
as illustrated in Fig. 1. In addition, for Samples Nos. 3, 4, 8, and 1 1, ion exchange was carried out for their surfaces. 
Samples Nos. 2. 6, and 7 were subjected to rapid cooling to form the compressive stress layers. It is noted here that the 
ion exchange was carried out by immersing the samples in a fused salt of KN0 3 kept at 400 °C and retaining for 10 
hours to substitute Li ions in the crystallized glass by K ions. The rapid cooling was carried out by cooling the ferrule 
15 from 1 000 °C to 1 00 °C at the rate of 300 °C/minute. 

[0041] As Samples Nos. 12 and 13, use was made of a zirconia ferrule and an amorphous glass ferrule which are 
currently used, respectively. 

[0042] For each of the samples obtained as mentioned above, evalution was made of the precipitated crystals, the 
average grain size of the crystals, the crystal amount, the bend strength, the thermal expansion coefficient, the abrasion 
20 resistance, and the polishability. Except the abrasion resistance, the evaluation was carried out after the ferrule material 
was shaped into a configuration suitable for measurement. The result is shown in Tables. 

[0043] As is obvious from the following tables, all of Samples Nos. 1 to 8 as the examples of this invention have the 
bend strength as high as 200 MPa or more and the abrasion resistance against the insertion and the removal of several 
hundred times. Thus, the performance is remarkably improved as compared with the conventional amorphous glass fer- 
25 rule (Sample No. 13). 



Table 1 



40 





Sample No. 


1 


2 


3 


4 


5 


Glass Composition (Weight %) 


Si0 2 


62.3 


64.0 


65.5 


67.5 


61.8 




Al 2 0 3 


21.2 


18.3 


18.2 


17.3 


22.0 




U 2 0 


2.8 


2.3 


2.3 


2.3 


2.0 




MgO 


1.0 


1.0 


1.0 


0.7 


1.8 




Ti0 2 


1.8 


1.8 


3.0 


3.1 


3.8 




Zr0 2 


1.8 


1.8 


1.8 


1.0 


0.5 




K 2 0 


1.5 


3.4 


3.4 


3.4 


2.3 




ZnO 


5.0 


3.1 


3.1 


1.3 


1.0 




BaO 


1.6 


2.5 


1.0 


0.5 


0.5 




SrO 








1.5 






CaO 


0.6 


1.0 










p 2 o 5 








0.1 






Na 2 0 








0.5 






Bi 2 0 3 










1.5 




B 2 0 3 










0.5 




PbO 










1.5 




AS2O3 


0.4 


0.8 


0.7 








Sb 2 0 3 








0.8 






Sn0 2 










0.8 
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Table 1 (continued) 



Sample No. 


1 


2 


3 


4 


5 


Presence or Absence of Compressive Stress Layer 


Absent 


Present 


Present 


Present 


Absent 


Kind of P recto itated Crvstals 


s 


s 


s 


Q 


Q 


Average Grain Size of Crystals (jun) 


2.0 


1.5 


0.5 


0.2 


0.3 


Crystal Amount (Volume %) 


65 


55 


40 


50 


50 


Bend Strength (MPa) 


300 


500 


550 


500 


280 , 


Thermal Expansion Coefficient (XIO'^C) 


20 


22 


30 


10 


15 


Abrasion Resistance (Number of Times) 


>500 


350 


>500 


400 


300 


Polished Amount Difference (urn) 


5 


4 


2 


2 


2 



15 



45 





oampie imo. 


D 


7 

1 


Q 

o 




1U 


Glass Composition (Weight 


Si0 2 


C£ A 


OA O 


RR 1 


71 ft 

1 1 .u 


DU.U 


%) 


Al 2 0 3 


1Q 9 


1A 9 


1 A 9 


I O.U 


OR ft 
&O.U 




Li 2 0 




9 R 


O A 


A K 






MgO 


U.O 


U.O 


ft Q 

U.O 


U.O 


n r 

U.O 




Ti0 2 


! o.U 


Q A 

0.4 




£.U 


o.y 




Zr0 2 


1 B 
I .O 




1 Q 

1 .O 


l.o 


1 ft 
l.U 




K 2 0 


1.5 


3.0 


3.0 


2.0 






ZnO 


1.1 


3.6 


3.2 


2.0 






BaO 


1.0 


1.3 


1.3 


1.9 


2.0 




SrO 










1.0 




CaO 


0.5 








1.0 




p 2 o 5 


1.5 












Na 2 0 














Bi 2 0 3 




0.5 


0.2 








B 2 0 3 














As 2 0 3 


1.2 


0.8 




1.3 


1.4 




Sb 2 0 3 














Sn0 2 






0.6 






Presence or Absence of Compression Stress Layer 


Present 


Present 


Present 


Absent 


Absent 


Kind of Precipitated Crystals 


Q 


S 


S 


Q 


S 


Average Grain Size of Crystals (\im) 


1.2 


0.5 


0.5 


3.0 


7.0 


Crystal Amount (Volume %) 


65 


60 


58 


60 


90 


Bend Strength (MPa) 


480 


620 


600 


150 


180 


Thermal Expansion Coefficient (X10* 7 /°C) 


5 


22 


24 


28 


12 


Abrasion Resistance (Number of Times) 


>500 


>500 


>500 


60 


80 
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Table 2 (continued) 





Sample No. 


6 


7 


8 


9 


10 


Polished Amount Difference (^m) 


4 


4 


4 


4 


30 



Table 3 





Sample No. 


11 


12 


13 


Glass Composition (Weight %) 


Si0 2 


64.5 




72.5 




Al 2 0 3 


20.0 




6.5 




Li 2 0 


2.5 




- 




MgO 


0.5 




- 




Ti0 2 


1.2 




• 




Zr0 2 


- 


97 


- 




K 2 0 


6.0 




1.8 




ZnO 


- 




- 




BaO 


- 




1.2 




SrO 


- 




- 




CaO 






0.7 




p 2 o 5 


2.8 




- 




Na 2 0 






5.9 




Bi 2 0 3 






- 




B 2 0 3 






11.3 




As 2 0 3 


1.0 




- 




St^O;* 






0.1 




Sn0 2 


1.5 








Y 2 0 3 




3 




Presence or Absence of Compressive Stress Layer 


Present 


Absent 


Absent 


Kind of Precipitated Crystals 


S 


ZrO s 




Average Grain Size of Crystals (jam) 


1.5 


0.5 




Crystal Amount (Volume %) 


20 


100 




Bend Strength (Mpa) 


350 


1350 


120 


Thermal Expansion Coefficient (X1 0* 7 /°C) 


55 


83 


60 


Abrasion Resistance (Number of Times) 


15 


>500 


10 


Polished Amount Difference (jim) 


2 


50 


-2 



[0044] In addition, as is obvious from the foregoing tables, the thermal expansion coefficient as well as the polished 
mount difference from the silica glass are remarkably improved as compared with the zirconia ferrule (Sample No. 12). 
[0045] On the other hand, in Sample No. 9 as the comparative example, the crystals are coarse. Therefore, the bend 
55 strength and the abrasion resistance are reduced. In No. 10, the precipitated crystals become coarse so that the bend 
strength and the abrasion resistance are degraded. Further, since the crystal mount is excessive, the polishability is 
deteriorated. Sample No. 1 1 keeps the high bend strength by the effect of the ion exchange but is much inferior in abra- 
sion resistance because the crystal amount is too small. 



1/5/05, EAST Version: 2.0.1.4 



EP0 909 967 A1 



[0046] Identification of the main crystals and quantitative analysis of the crystals were carried out by an X ray powder 
diffraction (in the tables, S and Q represent the p-spodumene solid solution and the p-quartz solid solution, respec- 
tively). The average grain size of the crystals was calculated from the values measured by a scanning electron micro- 
scope. The bend strength was measured by a three-point bending method using a shaped material having a diameter 

s of 2.5 mm and a length of 36 mm. The thermal expansion coefficient was obtained as an average value in a range 
between -50 to 150 °C from a thermal expansion curve measured by a dilatometer. As to the abrasion resistance, each 
sample was repeatedly inserted and removed into and out of the zirconia sleeve, based on JIS C5961, to obtain the 
number of times of repetition of insertion and removal before the occurrence of a damage. The judgement of the dam- 
age was carried out by a probe-type shape detector. The evaluation of the polishabilrty was carried out in the following 

70 manner. Specifically, with cerium oxide used as an abrasive, a polishing pad made of felt was rotated at a peripheral 
speed of 50 m/min. The material shaped into a size of 20X20X2 mm was polished for 30 minutes under a pressure of 
500 g/cm 2 . Then, the variation in the thickness was measured. In addition, the variation in thickness was measured for 
silica glass polished in the same condition. Subsequently, the difference between those variations in thickness was 
obtained as a measure. Specifically, the smaller the difference is, the polishability is closer to that of silica glass. 

15 [0047] Next, Sample No. 3 was attached to the optical fiber to form the optical connector. Then, evaluation of the opti- 
cal characteristics was carried out. As the optical fiber, use was made of a single mode fiber cord having a mode field 
diameter of 9.5 pm. As the optical connector, an SC-type optical connector defined in JIS C5973 was used. 
[0048] First, the ferrule of Sample No. 3 according to this invention was bonded to the above-mentioned optical fiber 
with an epoxy adhesive (epo-tek353ND). An end face thereof was polished by advanced PC. The end face of the ferrule 

20 after polished had a surface roughness, a convex spherical shape, and a fiber lead-in amount equivalent to those of the 
typical zirconia ferrule. 

[0049] For each of the fifteen ferrules after polished, measurement was made about the eccentricity of the fiber core 
relative to the ferrule outer diameter. The result is shown in Fig. 2. As is obvious from Fig. 2, the eccentricity of the fiber 
core relative to the ferrule outer diameter averages 0.76jim. Thus, the distribution was comparable to the case where 

25 the typical zirconia ferrule was used. 

[0050] Next two optical connector plugs were assembled and connected, and a connection loss was measured by 
the use of a laser-diode light source of a wavelength of 1 .31 urn. An optical cord used herein had a length of 2 m. The 
SC-type optical connector using the typical zirconia ferrule was attached to the other end opposite to the one end to 
which the sample was attached. Then, measurement of the optical characteristics was performed. Fig. 3 shows the 

30 result of measurement with respect to twenty-one combinations. As is obvious from Fig. 3, the average connection loss 
was 0.21 dB and, in the worst case, 0.5 dB or less. In addition, the return loss was not smaller than 50 dB with respect 
to all combinations. These values represent the characteristics sufficient to a practical use in the optical communication 
network which requires a high performance. In the foregoing, description has been made as regards the application to 
the SC connector. As will readily be understood, the range of application of this invention is not restricted to this embod- 

35 iment and this invention is also applicable to ferrules of optical connectors other than the SC connector. 

[0051] As described above, the ferrule of this invention is excellent in mechanical strength and abrasion resistance 
and has the thermal expansion coefficient and the polishability close to those of the silica fiber. Moreover, the dimen- 
sional accuracy is equivalent to that of the zirconia ferrule used tor connecting the single mode optical fiber. 
[0052] In addition, manufacture at a low cost is possible as compared with the zirconia ferrule. Accordingly, the ferrule 

40 is suitable for use in the optical fiber connector and contributes to the organization of the optical communication net- 
work. 

Industrial Applicability 

45 [0053] As described above, the ferrule tor the optical-fiber connector according to this invention is suitable for use in 
the optical connector such as the SC connector or those other than the SC connector, used in good organization of the 
optical communication network. 

Claims 

50 

1 . A ferrule for an optical-fiber connector, which is made of a crystallized glass having a composition which consists 
essentially of, by weight percent, 60-70 % of Si0 2 , 16-25 % of Al 2 0 3 , 1.5-3 % of U 2 0, 0.5-2.5 % of MgO, 1.3-4.5 
% of Ti0 2 , 0.5-3 % of Zr0 2 , 2-6.5 % of Ti0 2 +Zr0 2 , 1 -5.5 % of K 2 0, 0-7 % of ZnO, and 0-3 % of BaO, including 30- 
70 volume % precipitation of p-spodumene solid solution or p-quartz solid solution having an average grain size not 

55 greater than 2nm, having a bend strength of 200 MPa or more, and having a thermal expansion coefficient of - 
10-50 x10" 7 /°C at a temperature between -50 and 150°C. 

2. A ferrule for an optical fiber connector as claimed in claim 1, wherein a compression stress layer is formed in an 
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outer surface layer thereof. 
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Fig. 1 
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Fig. 2 
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